Infraglomerular Epithelial Reflux as a Postmortem
Phenomenon in the Kidneys of Dog and Rat J.M.M.A. MULLINK and V.J. FERON Infraglomerular epithelial reflux (IER) consists of the detachment of epithelium of the uppermost part of the renal proximal convoluted tubule and its displacement into Bowman's space181 19. The lesion is known in the literature under various names and has been observed in kidneys of many species, i.e., man, dog, cat, rat, guinea pig, horse, Partial lining of the parietal layer of Bowman's capsule by cuboidal or columnar epithelium similar to the proximal tubular epithelium is an anatomical feature known in a number of species'. It has to be distinguished from IER as has been discussed in detail by VON IER in humans is considered to be connected with acute or subacute nephritis109 14, 19. In laboratory animals ischemic119 17,189 19 and toxic3. 20 renal damage are mentioned as principal causes of IER. Occasionally it has been considered a postmortem phenomenon21 41 Since IER is regularly seen in sections of kidney of our routine autopsies on dogs, cats, and rats, experiments were carried out with kidneys of dogs and rats to investigate whether postmortem renal changes might have a role in its pathogenesis. pig and hamstefl, 5 , 6, 7, 9, 10, 18, 19. SANDERSLEBEN13. 12, 13. Material and Methods Kidneys of 12 dogs received at the Institute of Veterinary Pathology for autopsy and of 22 healthy, adult, male albino Wistar rats from the colony of the Central Institute for Nutrition and Food Re-search T N O (CIVO) were used. The dogs were killed by electrocution or died spontaneously; the rats were killed by decapitation. All procedures were performed carefully to avoid untoward trauma to the kidneys. Samples of kidney from both species were fixed in 4% aqueous formaldehyde ; in addition portions of each kidney from the rats were fixed in lOOyo ethanol. Tissues were processed through paraffin, sectioned (at 7 y for the dogs and 5 y for the rats), and stained with hematoxylin and eosin.
,
The glomeruli were counted using a magnification of 400 x ; the number of glomeruli with infraglomerular epithelial reflux was expressed as a percentage of the total number of glomeruli counted per section. For the rats, IER was divided into two stages, i.e., beginning (less than two tubular cells in Bowman's space) and advanced (two or more tubular cells in Bowman's space). No such distinction was made for the dog. Examples of IER in dogs and beginning and advanced IER in rats are presented in Figures 1, 2, and 3, respectively.
Experiment D1
The abdominal cavity of 3 dogs was opened a short time after death and a piece of each kidney was excised and fixed. The other organs and the remainders of the kidneys stayed in situ to maintain the normal postmortem environment as far as possible. The cadavers were kept at 4" C. After 1, 2, 3, and 4 days, further pieces of both kidneys were excised and fixed.
Experiment D2a
The kidneys of one dog were halved longitudinally immediately after death. One half of each kidney was kept in 0.9% NaCl at room temperature (18-20" C), the other half was exposed to air. Samples of both kidneys were fixed immediately, 6, 9, 13, 21, 26, 29, 41 , and 50 h after death.
Experiment D2b
Fixed samples of the same material used in experiment D2a were embedded in gelatin. Frozen sections (14 y thick) were cut and then stained with hematoxylin and eosin. By means of an ocular micro-meter, the length of 10 successive epithelial cells of the proximal tubule was measured according to the method of S U C H~N G~~, the length being expressed in micrometer units. Per section, the length of 10 successive cells was measured in 10 different tubules.
Experiment D3
During the dissection of 8 dogs, one kidney was palpated firmly, the other stayed in the body untouched. Pieces of both kidneys were fixed.
Experiment R1
The kidneys of 2 rats were fixed at time 0 (within 90 sec after death) and further, from successive pairs of rats at1ls, 1/3, ?A, 1,2,4, 8, and 24 h after decapitation.
Experiment R2
The kidneys of 4 rats were fixed at time 0.
Results

Experiments with Kidntys of Dogs
Experiment D I . This experiment was carried out to study the postmortem development of IER (Table I. ). Shortly after death there was IER in only a few glomeruli. During the first 24 h after death the proportion of affected glomeruli increased very considerably. Thereafter no distinct further increase occurred.
The proportion of glomeruli with IER ( Fig. 1 ) increased up to 77.5% in dog 1 ; the two other dogs had a maximum of only 28.6%. Experiment D2a. This experiment was performed to find out whether IER appears some time after death when kidneys of dogs are kept in 0.9% NaCl or are exposed to air (Table Ha) . IER did not occur in the kidneys which were exposed to air. Keeping the kidneys in 0.9% NaCl for 6 h resulted in the appearance of some glomeruli with IER. This number increased gradually until after 50 h over 90% of the glomeruli were affected. (Table IIb) . The length of 10 tubular epithelial cells increased gradually from 24.0 micrometer units in fresh kidney to 34.6 units in renal material kept in 0.9% NaCl for 26 h; thereafter there was no additional swelling of the cells. After 50 h, severe autolysis of the tissue made further measurements impossible. In kidneys exposed to air no distinct swelling was observed but rather a gradual shrinkage which started at 6 h after death. Experiment 03. This experiment was carried out to investigate whether palpation of the kidneys at autopsy has any effect on the occurrence of IER (Table 111 ). In 7 out of the 8 dogs the percentage of glomeruli with IER in the palpated kidneys was higher than in the non-palpated controls. In one of the animals the difference was very considerable. 
Experiments with Kidneys of Rats
Experiment R I . The effect of the time-interval between death and fixation on the incidence of IER in rats was studied (Table IV) . Only 1.4% of the glomeruli counted in the formalin material had IER at time 0. The percentage of glomeruli with IER increased sharply during the first 30 min after death; a further slight increase was noticeable up to 2 h after decapitation. Advanced IER was not seen at time 0, but had already appeared at 10 min after death. Samples of kidneys fixed in ethanol had considerable IER (Figs. 2,3 ) at time 0. No distinct increase occurred with increasing time after death. Experiment R2. This experiment was performed to find out whether the relatively high incidence of IER after ethanol fixation observed in experiment R1, could be reproduced (Table V) . The percentage of glomeruli with IER in ethanol-fixed tissue was considerably higher than in formalin material (this difference was highly significant, P<O.OOl). Advanced IER was observed at time 0 only in ethanolfixed material. * of 4 rats one section of either kidney was examined.
Discussion
From the experiments D1 and R1 it is seen that IER can develop in kidneys of dogs and rats under normal postmortem conditions. The kidneys of dog 1 (from experiment D1) had nearly 3 times as many glomeruli with IER as the kidneys of dogs 2 and 3. However, it appeared that dog 1 had bIed to death after a street accident. The bleeding might have led to an intravital ischemia, which may have stimulated the postmortem development of IER.
The fact that in dogs 2 and 3 IER was found in only 0.6% of the glomeruli shortly after death indicates that probably IER had not been present during life.
Glomeruli with advanced IER were not found in formalin-fixed kidneys of rats at time 0. As early as 10 min after death, however, advanced IER was observed. These findings show that the reflux can develop rapidly after death. Beginning IER found at time 0 may be attributed to postmortem changes occurring before the fixative had sufficiently penetrated into the tissues.
LATTA e t aI. 8 and OSVALDO et ai. 12 recently showed that autolytic changes in kidneys of rats occur within a few minutes after death. The latter authors, however, observed only a few glomeruli with IER in the first 12 h after death. They concluded that the development of IER as an artefact requires a considerable time of autolysis. WAUGH e t ai.19 also state that IER was not found in rat kidneys kept at 37" C up to 3 h postmortem. In our material, however, advanced IER was observed in rat kidneys within 10 min after death. The discrepancy between our results and those mentioned above may be due to a difference in evaluation of the degree of IER.
After fixation of rat kidneys in 100% ethanol, advanced IER had already occurred at time 0. A possible explanation for its rapid appearance might be the slow penetration of ethanol into tissue and the striking shrinkage of tissue which accompanies ethanol fixation.
The swelling of proximal tubular cells in canine kidneys kept in 0.9% NaCl was accompanied by an increase in IER. By contrast, desiccation of the kidneys led to a cell shrinkage not accompanied by IER. These findings support the idea now generally accepted that swelling of proximal tubular cells is an important cause of IER. Since hydrops of epithelial cells is one of the most essential findings in acute ischemic renal failure169 179 1% 19, it is obvious that IER is often observed in cases of acute ischemia of the kidneys.
Palpation of kidneys of dogs at autopsy can bring on IER. It is possible that the epithelial cells detach from the basement membrane as a result of the palpation pressure and then move into Bowman's space. Another explanation might be that epithelial cells, already detached from the basement membrane by autolysis, are pressed into Bowman's space.
The fresh kidneys of a mongrel breed (polecat x ferret); many more glomeruli had IER in the palpated kidneys than in the contralateral nonpalpated kidneys. Our results on the effects of experimental palpation are in agreement with the observations of several investigators29 12 that in rats the postmortem treatment of kidneys and the way in which samples of kidneys are excised may influence the occurrence of IER. Our experiments have clearly demonstrated that IER must be considered primarily a postmortem phenomenon in dogs and in rats. It also became clear that a correct evaluation of the occurrence of IER is only possible if the postmortem treatment of the kidneys be exactly known and, in appropriate investigations, has been very well standardized both for control and experimental animals.
Summay
The significance of postmortem renal changes for the pathogenesis of infraglomerular epithelial reflux (IER) was examined in a number of experiments with kidneys of the dog and rat.
The reflux can develop after death in both species. Intravital circumstances (e.g., ischemia) may stimulate the postmortem development of IER. The development of IER was accompanied by swelling of tubular epithelial cells and could be provoked by palpation at autopsy. The type of fixative can also influence the degree of the phenomenon, which was more pronounced in ethanol-fixed than in formalin-fixed kidney.
IER has to be considered primarily a postmortem phenomenon and a correct evaluation of IER is only possible if the postmortem treatment of the kidney be exactly known and, in appropriate investigations, has been very well standardized for control and experimental animals.
Die Bedeutung der postmortalen Nierenveranderungen fur dic Pathogenese des infraglomerularen epithelialen Ruckflusses (IER) wurde in einer Anzahl von Versuchen mit Ratten-und Hunde-Nieren gepriift.
Der Riickfluss kann sowohl bei Hunden als auch bei Ratten postmortal entstehen. Intravitale Vorgange (z. B. Ischamie) konnen die postmortale Entstehung des IER fordern.
Die Entstehung des IER war mit einer Schwellung des Tubulusepithels verbunden und konnte bei der Sektion durch Palpation provoziert werden. Das Fixierungsmittel kann ebenfalls Einfluss auf die Anzahl Glomeruli mit IER haben und zwar ausgesprochener bei Alkohol-fixierten als bei Formalin-fixierten Nieren.
Der IER wird im allgemeinen als eine postmortale Erscheinung betrachtet. Eine genaue Beurteilung der IER ist nur d a m moglich, wenn die postmortale Behandlung der Nieren genau bekannt und in entsprechenden Versuchen weit gehend standardisiert ist.
